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Abstract of WO0237507 

Inclusion of relatively small amounts of organic ionic species, such as calcium stearate, in the preparation 
of an electrically conductive polymer composite composition provides a composition having enhanced 
electrical properties relative to the composite composition lacking the added organic ionic species. As a 
result of this enhancement, normally insulating materials which rely upon a conductive filler to render 
them electrically conductive, can be made to achieve a given level of conductivity using less of the 
conductive filler than would otherwise be required. As a result, the adverse effects of the conductive filler 
on the polymer's physical properties can be minimized while maintaining a high level of electrical 
conductivity. 
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ELECRICALLY CONDUCTIVE POLYMER COMPOSITE COMPOSITIONS. 
METHOD FOR MAKING, AND METHOD FOR ELECTRICAL CONDUCnvm' 
ENHANCEMENT 

BACKGROUND OF THE INVENTION 

This invention lelates to electrically comluctive polymer composite materials, and 
more particularly to metiliods for improving the electrical conductivity of such 
materials. 

KonnaUy eJectricaUy insuJatiog polymen can be nude electrically conductive via the 
S addition of «Iec(ricaUy coudiictive lilkis, such as carbon fibers, carbon blacks, or 
metaJ fibers. In each cose, sufficient amount of filler must be added to overcocne ttie 
percolation threshold, (he critical concentration of GUer at which the polymer will 
conduct on electrical cuircDt Beyond this threshold conductivity increases markedly 
as additional electrically conductive filler is added It is believed that at the 
10 pcicolattoa threshold, unintemipted chains of conducting particles first appear in Oie 
system. The addidon of still greater aaunmts of electrically conductive filler produces 
a CDzrespoodin^ faij^er number of uninlenupted chama and tUs results in still 
higher levels of conductivity. 

Electrically condnctive polymer systems are prized as materials for electromagnetic 
15 shielding in electronics applications and as ma.teria}s used in the fabrication of 
structures to vAas^ paint mi^ be ai^Iied using electrostatie painting techniques. A 
varieQr of electrically conductive filler^ such as carbon GbecSi carbon fibrils and 
caibon black have been en^loyed to in^^ electrical eondoctivity to ottwrwise 
insulating poiymeric materials. Hie use of such filkn may however dqitade odisr 
20 important physical cfaomcteristics of Ose material snch as its impsct stteng^ In 
addition, ceartafn filhxs inch as eazbon fibrils are hi^ cost materials. Some eleetricaUy 
condnctive fillen bave a more pronounced negative efifect on a matoial's physical 
properties than odiers but neariy all polymer systems incorporating them sufifer a 
degradation of impact strength, or other physical prqperty not related to conductivity. 
25 relative to the unfilled polymer systems. In many instances, the desired level of 
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electxical conductivity cannot be oijtained without sacrificing at leost some part of the 
material's inherent inqiact strength. Therefore; it would be desirable to maxSmize fte 
electrical condoctivity enbax^g effect of the conductive Slier while miniminng the 
lESultant loss in impact pnipcities. 

5 The instant invention is based upon the discovery that certain organic compounds 
fun ction * as conducthity enhancing agents in organic conductive composite 
conqpositlons, and that the inclusion of one or more of these eonduotivity mfaanoing 
agenb reduces the aomunt of coodoctive filler requxicd in order to achieve a given 
level of eleettkal conductivity relative to dux roquired in the diseoce of die 

IC conductivity ndiancing agenL The instant invention overcomes the linulatians of 
earHer conductive compoeite polymer systems in that high levels of electrical 
conductivity can be achieved at reduced concaitiatiocs of electrically condnccive 
filler relative to compositions laddog (he conductivity enhancing agents. In this way, 
the present invention reduces the amount of electrically conductive fillet required, 

1 5 thereby reducing the cost of die polymer system. 

BRIEF SUMMARY OF fHE INVBNTION 

The present inveation is directed to organic cond u ctive materials conqxising a 
conductivi^ enhancing agent , said organic conductive materials having inqnoved 
conductivify relative to materials lacldng said otmductivity wnhanring sgent One 
aspect of the invendon, therefore, is an electrically comhictive polymer composite 
20 compoation COTaprising: 

(A) an organic polymer matrix; 

(B) an electtically conductive filler, and 

CQ a conductivity enhancing agent selected Ccom the group consistiiig 

of salts of carboxylic acids, salts of thiocarboxyUc adds, salts of dithiocarboxylic 
25 acids, salts of sulfonic acids, salts of sulfmic acids, salts of phospbonic acids, «dts of 
phospbinic acid^ and mixtures fhereof. 
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The invention further relates to mcthxxls of preparing electrically cooductive polymer 
composite materials, to methods of enhancing the conductivity of electrically 
conductive pdlymer conqiositB materials and acticlea prepared from these maiecials. 

DETAILED DESCRIPTION OF THE IKVENTION 

The present invention raay be understood more readily by reference to the foUowmg 
detailed description of prefiared embodimnitB of the invention and the examples 
included herein. In this specification and in the claims which follow, reference will be 
made to a number of terms which shaU be defined to have the following meanings. 

As used herein Sie term "eleetiieaUy conductive polymer composite compositian"* is 
used mleichaugeably with the term "electrically conductive polymer composite 
mateiiar and refers to a composition having a measurable level of electrical 
conductivity, comprising ao oi^anic polyaier matrix and an clectricaUy conductive 
filler and optionally a conductivity enhancing agent 

Aa used herein die term **oiganic polymer malxix" refers to an organic polymer or 
mixture of one or more oiganic polymeis. 

As used herein the term "electrically condnctive fiUcrT refers to a material, such as 
caiboa fibrils or carbon GbecSt which when added to a nonoonductivD ocganic 
polymer matrix produces an electrical^ conductive conqiosite material. 

As used herein Hic tena "conductivity enhandng ageni^ refers to an additive which 
Vfhsa. combined in a composition oon^nising an cni^aiie polymer matrix and an 
electricaUy conductive filler, unprovcs the electrical conductivity of the composition, 
as measured by its conductivity or resistivity, relative to an otherwise identical 
composition Lacking the conducttvity cnhandi^ ^ent 

The terra "structural units" made in reference to polymers is used to fte 
sicuctuie of repeat units within the polymer. In the case of polypbeoylene ettMis, 
attuctxnni units are usdcrstDod to be derived fiom the monomer, or in the oTteisativc 
the mixlure of monomers, used in the preparation of the potypher^leae ether. For 
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example the polyphcaylcne ether. po!y(2.6^JimcUiyi.l.4-phciiyicne<0"23^ 
trimethyH.4^henylcne ether) (CAS Niimber 58295-79-7). contains stiuetund units 
derived ftom 2.6-diniethylphenol and 2.3.6-(rimetfayIpiieiioL 

As defined herein the term -thcmioplastics- indiides materials comoionly re&ned to 
u "thenncplastic dastomeis**. 

A« defined heidn the torn -carton fibril" inchidcs materials conmiooly leferod to oa 
-carbon naootubes". In addition the tenn "carbon fibriT includes derivatized caibon 
fihriJs such as metal coated carbon fibrils. 

As defined h«dn the teems -carbem ffljei^ iKludcs derivatized c^ 
meta] coated carbon fibera . 

As ased herein the term "weight percetrt" refers to the weigfat of a constitimt of a 
composition relative to the entire weight of the cotnposilion unless otherwise 

indicated. 

As used herein the term "aromatic mdical" refers to s ndical having a valency of at 
least one comprising at least one aromatic gronp. Exanqjles of aromatje radicab 
include, but are not Hmited to phaqrl, pyridyU furaiiyU thienyl. naphthyl. pbenylenc 
biphcoyt The term mcludes groups containing bodi azomatic and aUptamlc 
components, for example a benzyl gtoup or cfae tfiaryfanediylene group ©. 
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As used herein Ifae temi "aliphatic radical** lefeia to a radical having a valency of at 
least one cmnprising a linear or branched anay of atoms which is not cyclic. Tte 
array may include hetexoatoms such as nitEogen. sulfiir and oxygen or may be 
composed exchisivety of carbon and hydrogen. Examples of aUphatic radicals 
inchide, but are not limited to methyl, methylene, ethyl, ethylene, hexyU 
bisxamethylene, an array of caitaon atoms Cn) with valencies at posilioni 2. 5. and 8 
andthehke. 



As used herein the term **cycloaliphatic radical" refers to a radical having a valency of 
at Icest one comprising an amy of atoms which is cyclic but which is not aromatic. 
The array may inchide heteroatoms such as nitrogen, sulfiir and oxygen or may be 
composed exclusively of carbon arid hydrogea Examples of eyelooliphatic radicals 
mclude. but are not limited to cydcopiopyl. cydopentyl cyclohes^l, 
tctrahydrofiuanyl, an atzay of carbon atoms (iu) with valencies indicatod at positions 
aandb,anddieUkB. 
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As used beieiD the tenn "C1.C44 diaU^lanunoninm** refers to an atsaiuc ammonium 
graup bcsring two allcyl groupt each of wHcfa may be camprised of fiom 1 to 40 . 
carbon atoms. Like lenns such as CuCto trialkylannncmium, Ci.C* 
tefraaneyhnMnoniuin. C4.C40 tetraatylphosphonium, Ci.Cw trialkylsulfonhim, C«.C4q 
S triarylsuifonium hnve «nalogoas meanings. Tlnu a Ci.C«)triaU^lsulfomimi ion might ' 
contain as few a$ three and as many as 120 catbon atoms. 

.Component (A) of the dectrically conductive composite composition of the present 
inveotioa coc^rises at least one thermoplastic or thermosetllng polymeric triatcrial in 
which the electricaily conductive fiQer, Component (B). and conductivity enhancing 

10 agent, CQnqx)ncnt (C), may be dispersed. Component (A) may include organic linear 
and branched thermopbstics and thermosetting materials. Where component (A) is a 
mixture of two or two or more polymeric ccmponenis, said mixtare may have die 
characteristics of a blend in which the components fbnn disc»te phases or a miscible 
blend or polymer alloy in which die polymeric »*"T^fnti? have sutoaotial s<rfabiJity 

5 m one anoto and tend to form a sina^e phase com^ositioD. Altemativdy. a mixture 
of polymeric cotnponenls comprising component (A) may have chacacteristica 
tjuennediatt between a phase slanted blend and a snfastantially single phase 
material. 

Polymeric materials comprising component (A) are oommoidy ksown materials 
0 which are either commercially avaiU)Ie or prqiared according to known synthetic 
medtodology such as those methods fbund in Oreanie Potvmer rhemi.^fr y ^ 
Samtders. 1973, Ovapman and Hall Lid.. Examples of classes of theonoplastic 
polymeric materials sidnble for use as component (A), either sii^ or in combination 
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with another material inctnde polyi^ifiayleiifi ethers, po^amidcs. polysilaxsiicSk 
polyesters, polytmides. polyelherimides, potysulfides, polysulibnes, 

polyetbexsulfooes, olefin polynias^ polyiirethiases and polycatbonates. Component 
(A) may comprise tbcnnoscttmg jnateiials as well. Examples of classes of 
S liienDOsettiqg materials i^ch may be used as component (A) include polyepoxides, 
phenolic lesms, polybismalcimides, natural rubber, syntbetie rubber, silicone gums, 
tfaemiosetting polyuretfaones and tfae like. 

Exanq>]fis of fherrocplastic and fheimosettins materia which may coniprise 
compment (A) ioclude maierials illustrated in (1) dmm^ (10) below. 

(I) Polyphenylene ethers conqnising fitractoral iinita I 




I 



whereia R'-R* are indcpcndenUy hydrogen, halogen, C,-C,o alkyl, C4.C2I) aryl or C4. 
C20 cycloalkyl. Polyphenylene ethers incorporating structure units I inchide poly(2,6- 
dimethyl-lAphenylene ether), poiy(2^,6-tiiiiwthyl-l,4-phenylene ether), poly(3- 
bcnzyi-2.6.dimcthyl-i,4-phcnylcne ctfacr), poly(2.6-dicthyi-1.4-phenylcne ether), 
po!y(2.mefliyl-6-ethyl-l,4-phenylcne etfaerX poly(2-metbyl-6-isobutyl-l,4-phenylenB 
ether). poty(2.6-dusoptopyl-l,4-pheiiylcnc ether). poty(3-bromo-2,6-dinieti]yl-I.4- 
phenylene eiher), poly(2-oirthyl-^henyl-l,4-phBnidene ether), poly(2.6-dipheoyl- 
l,4-ph«nylenB ether) and copolyphenylenc cdieis such as poly(2,6-dniKthyl-l,4. 
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pheiiyl«ne-co-2»3,6-trimBfliyl-l,4-pheiiylenc elber) incoiporatmg two or more of the 
stnicturai units tmmd in the homopolypheaylene ctfaen listed above; 

(2) Potyomides comprising struetnnJ units n 




n 



wherein B.» and are independratly C.C^ alkylcnc. C4.C30 aryicnc 'or C5.C29 
cydoalkylene; R' and R* are independently bydrogen, C|.Cm alkyl, C4.C»aiyi, C7.C21 
araUcy I u CsJCw cycloaU^l; and m 




m 



wherein R* is Cico alkylene, C«.C» aiylcne or Cs-ao cydoal^ffnc; and R" is C|.C» 
aikyi. CfrCao aiyl, Ci.€ii anitkyi or Cs.C» cyctoaBcyi. Po^omides incoipocaHns 
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stniGtunl units U include polyamides and copolynnides obtained by 
polycOTdensation of a diannne selected torn the group consisting <tf 13- 
ffiaminopccqpaDe, l.4-diaininolnitaiie« 1,5-diAnunapcntanc, btscamediylenedianiine, 
nonametiiyleiiedianiine, iiiideeaineayleaedtamine, dodecamethylenediamise and 

5 mixtmcs thereof with a diacid selected from the group constsling of succinic acid, 
adipic acid, ntaianedioic acid, sebacic acid, dodecandioic acid, terepbthalic acid, 
isopfatfialic acid and imxturcs thereof. Polyamides incorporatiiig strucniraJ units HI 
include those polyaxnides derived from polymerization of a-pyrrolidoae, a- 
piperidone, caprolaciam, 6-aminocaproic acid, T-amiooheptanoic acid, 9-amiaoiuiaoic 

10 acid, lO^-aminodecanoic add, 1 l-aminoundccanoic acid and 12-aminododecanoic acid 
or mixtures tiieteof. Polyaoiides £iUing wdthin the scope of the present invention 
which may serve as component (A) inchide i^lon 4/6, qylon 6, nylon 6/6, nylon 6/9. 
nylon 6/10 and nylon 6/12. 

0) Polysiloxanes comprising structural units IV 



-O—Sv 



15 wherein R" and are indcpcndemly Ci-Ca alkyl, Cj-Cjo alkenyl, C*.C2o ar/U Cj. 
Cii aralkyl or Cj-Cm cycIoftUQrl. Polyaiioxanes incorporatiiig sUnjctural units IV 
iochide bramdied and linear hooiopolymers such as polydimethyisiUniane, 
potymethylphenylsiloxQQc polydiphenybiloxane. polymeihylvtnylBiloxBne. and 
cqpfri)rniera thenof incraporaiiog two or more of the stxuctnral units of said 

20 hoDBopolysitoxaDcs. 
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(4) 



PolyesietB cxniqvisiag saucntral uniis V 



O O 



whcreitt R"iind r" an independenUy Cj-Cm alkyieae, C^Cn ai>dene or CyC» 
cycloalkylcnc; and VT 



VI 



wherein R" is Cj-Cm atfcylcne. C4.C20 Biylene or C5.20 cycloalkylenc Polyesters 
incorporating structuial units V and Vi include poly(cthylcne terephthalatc), 
poIy(buty(eaB terBphthaiate), po]y(etbyleiie 2,6-napliiIuilenedicarboxylate), 
polyOmtyleiiB 2,S-n«ph!hnlftnedicarbo)cytate), potybatyrolactone and 
polyvalerol actone. 
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PoJyepaxides conqprising stnicoixal units VH 




wheidn R" and R'' «c independently at «ach occurrence halogen, Ci.C3u.aIkyl, Cs. 
Cac aryl, Ct-Cu mSkyl or QuCan cycloalky 1; 

r" and R"ore independently hydrogen, CCio all^l. CCz^aiyU Ct-Cj, araUcyl or C 
Cjo cycloaliyl, and llnfticr R" and R" may together fonn a C4.C10 cycloaliphatic ring 
which raay be substituted by one or more C1.C20 alkyl. CcCjo aryU C1.C21 aralkyl or 
Cs-Cx cycloalkyl giot4>s, or a comhination thereof end n is an integer Sxom 0 lo 4. 
Polyepoxidea incoipoiating stmctural units Vn include qxncy zesios preinnod ficom 
- and diglycidy ethers of bisphenol A. 



Pofyetherimides oomprisiog stroctiJiBl units vm 



■11" 
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vm 



wherein R"* and are independently at each occuneacc halogciu CtXa alkyU Ce. 
C20 aiyl, Ct-Cji araDcyl or Ci.CaocycIoalkyl; 

R*' is Ca-Cao alkyleoe, C4.CsBaiyIene or Cs-Cip cydoalkylene; 

each a' and Is a is a mooocycUc dxvaleu aiyl radical and is a btidging ndical 
5 in which one or two cubon atoms separate A* and A^; and m is an integer ftbm 0 to 3. 
Examples of polyether tmldes are intern ® potyether imides available from Oc 
Genczal Electric Company. 

(7) Potyethecsufones comprising structural units DC 




10 



^«*erein and R?* are independently at each occuncnce halogen, CwCjo.alkyl, C«. 
CnaryU C5.C31 aralkyl or C5.C2DCyc]oaIkyl; 
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eacb a' and A* is a is fi monocyclic divalent uyl ndical and js a bridging tadical 
in which one or two caibon atonut separate A' and A*; and p is an int^ei fiom. 0 to 3. 
BxamplcB of pdyetberBulfcmec include those pnpaxed fiom 4,4'- 
dichlorodiphenylsulfone and bispbenols such as hi^enol A. bispfaeaol Z and 
5 bispbcDol M. 



(8) Olefin polymos ccnuprismg strnchical wiits X 





F 


^25 












F 


[28 





X 



wherein R^, R^, r" and R" are independently at each occurrence halogen, cyano, 
carboxy]. Ci.Cjo alkoxycarbonyU jCi-C» alley!. C«.C2o aryl, Cj.Cai aralkyl, Ci-Cw 
^loallcyl or 

O 

\ II 
N— C 

10 groups, whcrdn R*' and R'* axe CijC» alk^, C«.C2a aryl, C7.C21 aralkyl or Cs-Cjo 
cycloalkjl groups; or R** and R'" together form a C3.C20 cydoaiiphatic group. Olefm 
polymer cont&imns stmctora] units X inchi& pdystyneoe,. polyaRylonttcU^ 
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polymafcac acid, copolymos of styreae and maleic acid. poly(acryloaitiile-co- 
butadienfi-co-styrenc), poly(aciylic ecid) and poIy(inethyl methacrytetB). 

(9) PotyuFBthanes conpriiiing smictunl XI 




■ XI 



wherem R" and axe mdependentty Ci.C» alkylene, C^Cjo aiyicnc, CfcC» 
5 diaiyieoe, C4.C2D diaralkylene tk C4JC30 cydoalkylene. PoIyuEediaiies incQKporating 
stnictnEal uaits XI include poiy(1.44)uti]ndioI>-tolylDn>2,4H!iia^ and 
poly t(4.4' methylenebisO)hetiylisocyamrte>aIt- 1 ,4-butBoeulioI4K>lytettahydrofiiran] 
available from Aldrich CSiemical a>m|»aiiy. 



(10) Folycazfaonates comprising siractural unils XII 
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wherein R" and ore isdepcndcntiy at each occuntncc halogen. CjXjo alkyl, d, 
Cjoaryl, C7.C31 aralkyl or ClCsb cycloaftyl; 

and are independeoUy hydrogen. C.Cm aU^L C«.Cm aryl, C7.C21 aialkyl or Cs. 
CttcydoDlkyl, and &r&er 

5 R'* and R*^ may together fonn a C4-C20 cycloaliphatic ring Which may be substituted ' " 
by one or more Ci-Qo alkyU CtCw aryl, C^Cj, aralkyl, C3-C20 cycloalkyl gnwps or a 
combination thereof; and q is an integer from 0 to 4. Polycarbonates insoxporadng 
structural units XD include bisphenol A polycarbonate, bisphenol Z pdycaibonale, 
bifpbeno) M polycaibonate, copolycaibonates incorporating bis|dieaol A and 
10 bisphmol Z, and polyester carbooates such as Lexan SP* availaUe &om the General 
Electric conquny. 

Where component (A) comprises a polyphenylene ether and a polyamide in 
combination it may be desirable to include ao inqiact modifying polymer, as part of 
fhe polymer matrix, to improve the bnpact resistance of articles prepared fiom flie 

15 compoutions of (he present mveiition. Suitabte impact modifying agents for the 
puiposes of the present icnrentioa include, but are not limited to, commercially 
available impact modifying agents, sadi as Kraton* rubber impact modifiers available 
from Shdl Chemicals. AdditionaUy, polymeric malerials prepared from styrenc, 
ethylece» and malBic acid or maldc anhydride; polymeric materials prepared from 

20 ediylene and imsaUtrated carboocylic acids and their metal salts; polymeric materials 
prepared from olefins containing acid groups; block copolymers prepared from 
vinylaromaiic monomers, such as styrenc and o^ha-methyl sfycene. cosgugated 
dienes, su^ as butadiene and cyclopentadieoe, and unsaturated eatboxylic acids and 
anhydrides; block copolymeis prepared from vinylaramatic monomeis, such as 

25 styrene and alpha«metliyl styiens, olefins such as propylene, coi^vgatad dienea, suoh 
as butadiene and cyclopentadiene, and unsaturated carboxylic adds and anhydrides 
may be employed. Examples of odter suitable impact modifying agents are sfyrene- 
butadiene random and blod£ copolymers. sfyrene-etfaylsiie^pyleoB terpoLymecs, 
slyreae*propyleoe*styrBae Uodc copolymers, styreoe-butadiettfr-slyresc block 
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comprisirg component (B) are cornxncmly known materials such as cacbon baick and 
caiboa fSbnli wbich are eitber conunercially available or prepaied according to 
knowa synthetic metbodology stidi as those methods Ibund in U.S. Patent No.s 
S^9U82 and 4.663;230. Cacbon black is a^-ailable fiom the Cabot Coiporation. 
5 Vspar grown carbon fibcfs are conniMrcjBiUy available firom Applied Scieoces 
CoiporatioiL Carbon and crapbitc Ebera are available fiom the Hexed. Zoltek and 
Akzo Nobel coiporations. Singlewall nanonibffs which may lilcewise seive as the 
conductiye fiUcr are available Enom the Tubcs@Rice and Carbolcx companies. 
Muliiwall nanotubes ate available ftom the MER and Carbon Sohitions companies 
10 among others. Metal coated fibers arc available from the Composite Materials 
Corporation, IXC and Ostolski Laboratories. Metallic powders are available from the 
Bckaert Corporation. 

Component (C) of the electrically cooduclive polymer corr^site materials of the 
present invention comprises at teast one conductivity enhancing agent wl^ich when 
combined with components (A) and (B) affords a composition possessing a greater 
level of conductivity than an othenvisc identical composition comprising only 
components (A) and (B). In one embodiment, the present invention provides 
conductivity enhancing agents which oiay be added to improve the conductivity of an 
already electrical^ conductive polymer composite material, without saorifieiag other 
impoitant i^ical properties of 1fa« material such as glass transition temperature or 
intact oeslstance. Sintable conductivity enhaacing agents mcluds die salts of 
cacfao^yiic acids, sails of thio* and ditfaiocaiboxylic acids, sahs of organic sulfomc 
aod organic snlfimc acids, and salts of organic pho8ph<»ous and ixrgasao phosphorie 
acids represented by structure XHL 

xm 

wherein R" is a C).C<o ah'phatic radical, a Cs-C4o cylcoaliphatic radical, or a CU-Ca 
aromatic radical, said ratficals being optionally substituted by one or more 
substitucnts,. said substituents being bufcpradentiy at each occurrence halogen. 
-17- 
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amino, aniinonium, CuC* alkylaniinD, Cj.C^o dialkylaxnino, Ci.Cw 
triaUcylaniinomum, CU-C^ aiyliimino. C4.C<o diaiyUmino, Ci.C«aIky!, Ci.C,. aBcoxy, 
Ci.Cw alkylthio, CC^o alkylsuUmyi, C|.C« anymifonyl, Ci-C* cyqtoaBcyl, CC* 
aryl, CmX:^ aryloxy. C4.C« aryUhio. C«.C» arylsulfinyl. Ci-Oo aiylsulfonyU 
5 hydroxysul&oyl, bydioxy, mcrcspto, cyaao, oxo, imtno^ iminoiiniso^ hydroxyimmo, 
aDanyimiao, nitio, nitroao, faanyi, carboocyt caiboxylate^ thiocaiboxyl, 
diflwcarboxyl, C,.C«o alkoxycattoiiyl. Ci-Q« alkoxytliiocaibonyU Ci.C« 
elkyithiocaxboiqrl, or phoqpthoi^ groups; 

r is an integer having a value of fi-om 0 to about 1 0; 

10 Qf is indBpendently at each occunence structure (a), (b). (c), (d). (e), (f), (g) or (h) 



O 

C-O" (M\ 
(a) 

O 

II - , 
<b) 

(c) 



o 

(s) 

O" {M\ o 



o 

L 

(e) 
O 



(f) 



wherein M is selected from ihc group consisting of mooovaleat metal ff^Honft, 
divalent metal cations , tzivalcnt metal catioiis, aminoniuin ions. Ci.Cm 
alkylanmromum. ions, C1.C40 diaUcylammonium ions, C1.C40 trjalkytemmonium ioos, 
Cj.Cw tetraalkylamincmium torn. C4.C«o tettaafylphosphoniuni ions. Cudo 
frialfcybulfomum ions. C^.Cn tiiaiylstilfbiihim knu or 04.040 aryl C,.Ctt 
dsaQ^lsulfonitun iocs; and 



B is an mteger or a fiaction of an integer having a vahic of 1. W or 1/3. 
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Gronpis (&H1>) of stniciure Xm oooipiise metal ff^ti'mirj ammooiiiin ions, oigoaie 
anuQomiim ions, (ngamc snlfonhim ions and orgaaic phosphonfaiin ions. Cimductivity 
aibaacing agents compzising metal cations indnde cazfooxylic. tfaiocazboxylic. 
ditfaiocatboatylic, ndicmic. sulfinic, pho^oric and (riiospfaorus ackl salts conqxlsittg 
5 cafions of lithium, sodium, potassium, rubidium, cesium, beryUium, m^p^^tr,^ 
calcium, copper, sihrer, zinc, cadmium and tin. FuUy ion feed and partially ionized 
calcium sails of mono- and pclycaiboxyiic acids having structure XIV may serve as 
cosqioncnt (C), 

It"-(C02-MCa**)^ 

XIV 

wherein is a C|.Oo alij^tic cadical, CjjCm cylcoaliphatic radical, or a C4.C49 
10 aromatic radical; t is an integer haying a value of fiom 1 to 10; u is an integer or half 
integer having a vahie of liom 1/2 to 3; and v is an integer having a vahte of t-2u. 
Calchmi salts of mono- and polycazboxylic acids having atmctuie XIV arc iUuslrated 
by, bnt are not limited Lo, the calcium salts of Ibtmic, acetic propionic, butyric, 
valeric, oeiantne, dodecaodioic. tetrtdeeanedioc,' stearic, oleic, oxafic, malonic, 
15 succinic sebacic dodi-ranifinir,' lerephfhalic, 2,$-itaphdialenedtoic Kemp's (riccid. 
and d-caiboxydodeeaaedioie acid or mixtures tfaeceof. 

In addition, ono or more salts of polymeric materials bearing one or mora of die 
groups (aXh) may be used as component (C). Salts of polymeric acids sudi in which 
some or aU of tbc caxboxyl group hydrogBn atoms have been exchanged with one or 
20 more suitable metal, ammonhmi, pho^unuum or solfoninm cations are iUnstratBd by 
the calcium sails of polyacryltc and polymaleic addi and tbe like. 

Where cemponeitt (C) oomprses organic awiinfirnfiiin UaOt said organic aimnonium 
ions are iDnsttoted by. but not limited lo. lefxamediyfammonium 
decsdmedq^hminoniam, metk^nndecyiammonium, dodecyfanetfaylammonium, 
25 metlQfltridecylammoninm, metfayltelxadecylammonhutt, mediylpentadecyUunmonium. 
hcxade^nwdx^daamamum, heptedeeyhnetfaylammonium. 



19- 



(58) 



JP 2004-513216 A 2004. 4. 30 



WO a2/37507 



PCT/U501l314«f 



mBthyloctadecylanunaiiiuxn, de^ctimethylammonium, dimethyhuidecytainffloiiimn. 
dimeibyldodeGylammaohun. dimethyftridecylaRnnoniuni, 



by, but not limited io* tetnphenyl^iosplioaiuin. tnphec^hindecylphosidioiiiuci. 
triphenyi suUbnhun and trimethylsulfbiihim ions. 

The bslant ioventioa provides electrically conductive polymer composite materials 
wherein component (A), comprises Soti about 50 to about 99.9 weight pcrsent of the 
IS compositJoa, component (B) comprises fiom about 0. 1 to about 20 wei^ percent of 
the conq>ositiont and cooqwneot (C) compiises &om about 0.001 to about 10 weigbt 
percent of tixe composition. 

In a preferred embodiment, the instant inyention provides electrically conductive 
polymer composite materials whensin component (A), compiises from about SO to 
20 • about 99.0 wei^t percent of tbt coa^^ositiott, con^onent (B) conqniscs from about 
0.1 to about 1 0.0 weight percent of (he composition, aixl component (Q oon^rises 
from about 0.01 to about 5 weight perceot of ibe oomposiriott. 

In a BtiU more pr^ierred embodiment, the instant invention provides electrically 
conductive polymer compotdte materials wherein conqioneitt (A), ooEnptises from 
25 ^nt 90 to about 99.0 weight percent of the composition, component ^) comprises 
tnm abom 0.5 to about 2.0 weight percent of (he coinpositLon, and component (C) 
CQioprises from about 0. 1 to about I weight pcioent of the compositian. 

In an even more preferred embodiment, the instant invention ptovidcs electrically 



conductive polymer con^osite materials wherein component (A), comprises a 
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po^hcnyleae ether, a polyamide and ac impact modifier wherein the poiyphenylcoe 
ether is piesent in amount in a laoge between about 35 and about 65 wetglht percent, 
ttie polyamide is prcaent in an amount in a range between about 65 and about 35 
weight percent and the impact modifier is present in a range between about 0.1 and 
5 about 20 weight percent of the total weight of the composition. 

The composile compoidtians of the present invention may prqiared using melt 
processing techniques. Topically, melt processing involves snfajocting conxponcnt (A). 
(B) and (Q of the electHcally conductive polymer composite cpmposiiian to intimate 
mixing at a tenqKrature in a range between about 400 degrees Fsdiienheit <T) and 
10 about 600*F. Melt processing in an extzuder is preEmed. 

In one emhodiment the present mvention provides an electrically conductive polymer 
composite conqwsition by extnxling a mixture conqxising conqraneob (A), (B) and 
<C) togelfaa: with any additives sucfa as flame xeiaEdants, UV stabilizers, mold release 
^cnts and the like at tenqxratnics ranging &om about 400''F to about 60GT to 

15 provide an extrudate. Cocxtrusian of components (A), CB) and CC) may be carried out 
as follows: A dry blend comprising components (AX (B) and (C) is charged to the 
feed inlet of an extruder and mixed and heated at temperatures ranging tram about 
400*F to about 600'F to produce an cjttiudate which may be pelletized for finther 
processing into molded axtfcLes. Ady vented zones in die extruder may be maintained 

20 atatmospbexicpressoieoradaptedfora vacuum venting. 

In yet anotixr embodiment, the present invention provides an electdcatly conductive 
polymer composite composition by extruding a mixture comprising components (A), 
(B) and CC) as follows: A portion of component CA) together with any additives which 
may he' desirable, such as coaipalihilizing agents^ impBCt modifying agents^ fl«me 
23 retardants, mold release agents and tbe Uke^ is charged to the feed inlet of an extntder 
and mixed and heated at temperatures ran^ng fiom about 400*F to about 600"F. 
Component (B), dispersed m component (A) itself er in at least one conqxment of 
component <A), and component (C), likewise dispersed in component (A) itself or m 
at least one compooent of component (A), aze'iatroduced at a fieed inkt of die 
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extruder closer to flie die than ihe feed inlet used to imroducc components (A). 
Control of the rates of introduction of the dispcisions of compoiiexxtB (B) and (C) 
provides a means to vary the amounts of each of the components present in the 
electrically conductive polymer composite composidon. 

Articles made from the compositions of the present invention may be (Stained by 
forming the electrically condnctive polymer composite conqrosition by such means as 
iiyectioo molding, compccsuon molding and extnisiott methods. Injection molding is 
the more prcfierred method of forming (he artidB. Among Ifac raokled articles which 
may be prepared finom the coo^ositioas of the presoit ioveation ore automotive 
articles such as automotive body panda, ftoden and the Uke; and computer hcmsiiijp 
and the like. 

Examples 

The following e?tamples are put forth so aa to provide those of ordiiiaiy sldll in the art 
with a detailed disclosure and description of how the methods claimed herein arc 
evaluated^ and are not intecded to Umit the scope of what the inventors regard as their 
invention. Unless indicated otherwise, parts are by weight, tempemtme is in dQgreea 
centigrade. The materials and testing procedures used for the results shown herein are 
OS fbUovrs: 

The organic conductive composite materials excmpliiyiiig die present invention were 
prepared from catamcrcially available nykai 6,6 and polypheoylene ether (PPE 
available finm General Eledric) and. graphite fibrils as the electricaUy conductive 
filler. Carbon fibril-nylon 6.6 mixtures are availaUe fiom I^erion Catalysis 
IntesnalicmaL 

Resistivity measurements employed standard injection moUcd tensile bars as follows. 
An injection molded tensile bar was 5rst lightly scored and then frnzcn in liquid 
nitrogen before fracturing the tab ends off (on the score marks) to obtain the sairow 
section having dimeosiaos of approximately 2.5 x 0.5 x 0.125 inches. The sample was 
allowed to warm to room temperature end the fracmred ends were painted with 
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conducdve saver paint (sold by Ernest F. Fallara, item # 14« 1 1) to provide a tmifonn 
contact area across tbc entire cross section. Resistance was measured on a Wavelet 
RMS225 ohm-meter for samples having resistance values less than 40 Kin or on a 
Kcithley 617 electrometer for sampiea having resistance vahacs between 40 MCI and 
5 200 on. The specific vofaane resistiviQf CSVR or bulk resistivity) of the saiiq>le was 
calculated by maldplyiqg the measured nsistasce times tile cross sectional area of the 
bar divided by the length of the bar. 

Notched JZOV impact test vahies were obtained at room tcmpetature and are reported 
in foot-pounds per inch (ftlh/in)! 

E^tample L 

.10 A dry blend of 40.72 parts PPB. poly(2.6-<Iimethyl-1.4-plieoylcne)cthcr. having an 
intrinsic viscosity of about 0.A dedliters per gram (dyg) as measured in chloroform at 
30^ 7 A3 pans Kiaton GI651 mad 3.71 parts Kratoa G1701 impact modifier, O.l 
parts potassium iodide, and 0.01 parts copper iodide was fed at a rate of 20.74 pounds 
per hnui (phr) to the throat of a twin screw extruder operated at 29ffC at 400 rpm. 

15 SinuUtancously, a blend of 38.03 parts nylon 6,6 powder, 5.90 parts nylon 6.6-carbon 
fibril mbtture containing 20.0 pereent by weight carbon fibrils, and 4.20 parts of a 
dispersion of calcium stcarate powder in ground nyloa 6,6 containing 5.0 pereent by 
weight calcium stearate, was B«l at a rate of 19.23 phr Ouough a downstream inlet of 
the extruder. The extruded composite compositicm contained 1,20 percent by weight 

20 carbon fibrflB based on the total weight oftheconqmsttion and 0.45 peicentl^m 
calcium stearate based upon die wdgjbB of ayton 6,6. 

Comparative Example 1 

The control sample was prodticed as in Example 1 wiA the exception that nyloo 6,6 
was substituted for the nylon 6,6-calcivtm stcarate mixture. The resultant organic 
conductive material had a fibril conccntiatian of 1.2% by weight based on the total 
23 weight of ttie composition, and the same relative ainfflintB of nylon 6,6 and PPE as in 
the composition of Bxampk 1 and e bulk resistivity of 14J4 K uhm-cm 
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Examples 2-5, in which the weight foctioa of carbon fibriU wu maintained at 1.2 
percent based on the total wci^ of (he composition while vajying the amoual of 
calcium steamie, were prepared in a manner analogons to Example 1 nsmg the same 
relative amcimta of nylon 6,6 and PPE. 

5 Examples 6-8, in v/bki. the weight Gaction of calcium stearatc was maintained at 0.9 
percent based on the toCai weight of nylon 6,6 whfle vaiyfa^ the amount of caibon 
fibiila. were prqpared in a manner analoaous to Example 1 using the same relative 
amounts of oybm 6,6 and Pp£. 

Examples 9-14 were prepared in a manner analogous to that employed in Example 1 
10 using (he same relative amountt of nykm 6^ and PPE, wfaoeiii a conductivity 
enhancing agent othCT Oian calchmi siearate was added as a 5% dis^ 
6.6poWder. The compo$itio»» of Examples 9-15 comprise 1.2 weight percent carbon 
fibrils. The mntcriab of Examles 9-14 contamed 0.9 weight percent calcium stearate 
based i^ion die wdg^ of nylon 6,6. 



TABUE 1. EFFECT OF CALCIUM STEARATE ON RESISnVTIY AND 
IMPACT PROPERTtES 



Example 


[Ca StearateJ* 


svr" 


IZOD' 


Compazative Example 1 


0% 


14J4 


4.63 


Exanople 1 


0.45% 


9.06 


4.68 


Example 2 


0.90% 


0.57 


4.07 
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Examples 


1.35% 


3.38 


4^4 


Exoinple4 


1.8% 


0.59 


3.89 


ExAtupIe 5 


2^5% 


0.36 


3.08 



resistivity in kft-cni.'fl-lb/in. • 

Tabic I illustrates tbe effect of calcium stearate on electrical and impact properties of 
polyphcnylene ether-nylon 6,6-carbon fibril composite compositions comjarising 
about 40.72 parts polyphcnylene ether, about 46.74 parts nylon 6,6, about 11.14 parts 
impact modifiers, about I J parts carbon fibrils and calcium stearate in a range 
between about 0 and about 2.3 weight percent based upon the weight of nyion 6,6 
present in the composition. It can be seen thnt the SVR decreases steadily as the 
amount of calcium stcaiate in the composition is increased. 

As a result of calcimu stearate addidon, less of the conductive filler is required to 
achieve the desired level of electrical conductivity and there is little effect on impact 
• strength. This is demonstrated in Table 2 wherein the level of calcium stearate b 
maintained at 0.9 weigjit percent with respect to the waglrt of nylon 6,6 while tfao 
amount of caibon fibrils is varied.'A$ illustrated in Exanqrfe 7, the presence of the 
0.9% calchmi stearate together with 0.8 % carbo4 BbtOs aiXbrds cooqx)Site 
compositioD having conducUvity superior to a cooinil sample ouUaining 30 percent 
more caibon fibrils. Comparative 1 



TABLE 2. EFFECT OF CARBON FIBRIL LOADING ON RESISTIVITY AT 
IMPACT PROPERTTES AT CONSTANT CALCIUM STEARATK LOADING 



Exan^le 


[C Fibril]' 


SVR" 


I20D* 


Comparative Example 1*^ 


1.2% 


14.54 


4.63 
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Example 2 




0^ 


4.07 




1.0% 


1.45 


3.84 


Exan^le? 


0.8% 


3.85 


4J27 


Example 8 


0.6% 

_ii D ^ .„ 


127.000 


4.27 



Contaios no calchun stcarats 



Tabic 3 iOustratcs (he relative effectiveness of a variety of cai^Uc add salts at 
reducins the resistivity ( ix. enhandng the conductivity) of conductive polymex 



bkods. 



tabu: 3. EXAMPUCS OF EFFECT OF COMPONENT C ON RESIST! Viry. 



Exaxaplc 


CompanemC* 


svr" 


Comparative Example 1* 


none 


14.54 


Example 2 


Calcium StearatB 


0J7 


Example 9 


Tin Sieante 


7.16 


Example 10 


Calchim Montanate'' 


4.17 


E;auiq)lc I] 


Magnesiiim Steantc 


3.33 


Examcde 12 


Sodium Stearate 


10.3 


Example 13 


Lithium Stearate 


12.9 


Example 14 


ZSiK Stearate 


1J3 



-26- 



(65) 



JP 2004-513216 A 2004. 4. 30 



WO02I37S07 PCTAJSOl/22448 

* All samples contained 1.2 weight iwicenl eacbon fibril itnd 0.9 wei^ percent 
calcium stearate based upon the weight of nylon 6»6.^ Specific volume resistivity in 
kH-cm. * Contains no calcium stearate. * Calcium silt ofroontanic acid CA^ 6830S- 
22-S. 



The invention has been described in detail with paittxuilar reference to preferred 
embod iment s thereof, hut it will be understood that variatioiu and modifications can 
be effected wifhin the spirit and scc^ of the inventicHL 
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WHATIS CLAIMED [S; 



10 



1. 

cotnpiisiiif 

(A) 

(B) 



An «leclricaUy Qondoctive polymer composite composUioa 

an organic polymer matrix; 

an etectrioUy conductive filler, and 



* conductiviiy enbancmg vgent selected from the gn»p consisting 
of salts of carboxylic acids, salts of thiocaxfaojQriic adds, salts of ditliiocotboxylic 
acids, sails of sulfonic acids, salts of sulfinic acids, salts of pbospbonic acids, salts of 
phospfainic adds, and niixtures thereof. 

^* A composition sccordi&g to claim 1 in which component (A) 

comprises at least one thomoplastic selected from (he gtoiip consisting of 
polypbenylcoe ethers, polyamldes. polysiloxaaes. polyesteta, polyimidea, 
polyetherimidBV. polysuJfidea, polysulfooes, potyetfacnulfooes, olefin polymeis, 
polyurdhancs, and polycazbonates. 

^' A composition accor^ng to claim 1 in vMcAi coniponenl (A) 

comprises at least ooe tbeonoset selected fiom (he ffoup erasisting of polyepoxides. 
phenolic resins, polyblsmaleimides. natural robbo, synthetic rubber, silicone gums, 
and Ifaennosetting polyuzethanes. 



compnsmg: 
(A) 
(B) 
(C) 



An electrically conductive polymer composite composition 

an organic polymer matcix; 

an olcctcically conductive filler; and 

a conductivity enhancing agent ha:ving stnictuie XUZ. 
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It"-(Q')r 

xin 

wfaerein R" 1b ft C1.C40 aliphatic radical a CvC« cylcoaliphatic radical., or a C4.C40 
aromatic radical, said radicals being optionally substituted by one or more 
5 substituenis, said substitnents being iadq)endcntly at each occnrrence halogen, 
amino, axnroonium, C1.C40 alkylamino, C1.C10 dialkylamino. CjXm 
trialkylarajnoniura, Ci-C^o arylamino. C4.C« dia«yl«mino, Ci-Ot alkyl, Ci.Cio allcoxy, 
Ci.Cn aflcyltliio, Ci.C« alkylsiilfiiiyl. CiX^o atkylsulfbnyl, Cj.C« eydoall^l. C4.C« 
ozyl. C^Cu Biyloxy. C1.C40 aiylthio, C4.C40 arylsulftnyl, C«.Cw azylsuUbnyl. 
10 Iq^xysulfonyl, hydroxy, meicapto, cyaao, 0x0^ . 
alkmyiniuio. nitio. nitrosc^ fixmyl, caiboxyl, carboxylBte; Hiiocarixn^ 
dithocaiboxyl, C».C<o aOooxycarbonyl. Ci-C4» aUcaxythiocaxbonyl, 
aliQrlChiocaibo&yl, or piiosptsoayl croups; 

r is an ioteger having a vahie of rrom 0 io about 10; 

15 Q' is iRdq)eiidently at each oecutTeoce structure (aX (b), (cX (dX (e), (IX (g) or (h) 



(a) 
0 

II , , 


0 




II . , 

(e) 
0 




II . , 


(c) 


(0 



(80 



I. 



00 
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wherein M' is selected from the group oonsistiiig of manovale&t metal cations, 
divalent metal cations , trivalent metal eattoim. ammonium ions, C|.C«) 
aOqrt nmmmrhmi ions, Ci.Cio diall^ammmium tons, CuCw triafl^lammooium ions, 
tetraallQplammomum ioos, C<JC«o tetmarylphosphooium ions, Ci.Cio 
5 tnaOeylsuIfoaium ions. C«.C^ triaolsiiUboium ions or C«.C« aryl C|.C« 
dialkylsulfonimn ions; and 

s is an integer or a ftaction of an integer having a value of I , or 1/3. 

^- A compositioa according to claim 4 in which the organic polymer 

matrix coa^iises at least ooe polymer compcising stnictural voits selected fiom (he 
10 gronp consisting of: 

CI) polyphcnylene eiher sUuctxiral units corresponding to sttuctuie I 




I 



wherein Tt'-R* aze independently hydrogen, halogen, Q.Cio alkyL C4.Ca, aiyl, or C4- 
Cz> eydoalkyl; 

C^) polyamide strudunil units conespomfing to snuetme n 
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n 



whereiii and are independently Ci.Cm allcyleae, C4.C» aiyleae, or Cs.C» 
cycloalkyleao, and 

and r' are indepeodently hydrogco, C1.C20 aU^l, C;.^oacyl, CrJCn aralkyl, or Cs. 
Caocycloalkyl; and siniclure III 

O 

-^^RS N 

wherejn R' is Cj-Czo altylene, C4.C20 arylene, or CjjCio cycloallcylene, and 

R'* is CijC» alkyl, C«.C2o aryl, C7.C21 azaOcyl, or CyCa cycloalkyl; 

(3) polysiloxane stnwlnial units eocresponding to structnce IV 
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oil R"*^ 

-O— Sr 



IV 

wfaezein R" and R" ata mdependenOy C,.C» alkyi, Ci.C» alkcnyl. Ce-Cn aryl. C7. 
C21 aralkyl, or Cs.C» c^ctuiiIkyU 



(4) 



polyester stnictural units cone^ondiiig 10 nxuctore V 



O O 



wherein R" and R'^ are indepeodently C1-C20 aDcyleae. C^-Cao arylene or Cj-Cao 
oydoalkylene: and atzucture VI 
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wherein r'' is C1.C20 flUcyleoe, C4.C»aiyIene or Cs^ cycloaQcylene; 

(5) polyepoude soructura] units corresjxmding to structure VII 




wbereio R'* and R'^ ace independently as each occuxrence balogen. Ci.Cjo alkyl» C«. 
Czo aryl. C7.C21 aalkyl or Cs-Cncycloalkyl; 

5 R" and R" are indcpeadently hydrogen, C1.C30 allcyl. C(.C»aiyl, C7.C« aralkyl or Cj. 
Cu cycloalkyl, fuid fintfaer R** and R" may togetfaer fonn a Ct.Cio cycloalipliatic ring 
v^ch be substituted fay cue or more Q-Cu aOcyl. CtJO» axyU CS.C21 acalkyl^ and 
C«X:2o cyeloalkyt groups or a combination thereof and 



n is an integer fiom 0 to 4; 



10 (6) 



polyetheiumde structural units corresponding to structure Vm 
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vrfiereui and R'^ are indepecdently al each occunence halogen, C1.C30 alkyU Co. 
Cm axyl, C7.C21 aialkyl or C^Cjo cycknlkyl; 

R*' is CirCzi alkyleoe, C4.C20 aryleoe or C4JC3B cydodkylene; 

each a' and is a is a monocydic divalent aiyl radical and ic a bridging radical 
S in which one or two cariion atoms a^iarate A' and A*; and 

m is an integer from 0 to 3; 

(7) polyethemrfbae structural nnia cotrespoiKting to sttuetiire DC 




DC 

wherein &^ and are independently at each occairrence halogen, CxJOn alkyU €«■ 
Czo oryl, CjX^i aralkyl or Cs-Caocydoallcyl; 
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each and is a is a monocyclic divalent aiy] radical and is a bridging radical 
ia which one or two carbon atmns sepazatc A' and A^; and 

p ia an integer from 0 to 3; 

(8) olefin polymer structural units cocrespondiiig bo ainicture X 

,26 - 
p26 



wiiereia R^, R^, r'' and R'' are independently at each occunence halogen, cyano, 
caiboryl, C^Cao aJkiMcycaibanyl, C|.Cm alkyl, C».C» aryl, CjJCm azalkyi, Cs.C» 
^loaUiylor 



\ 



groups, 

wherein r'" and R^ are C|JC» aBcyU Cc.C„ aiyl. C».Cii oialkyl or Cs-Cm cyetoaUeyl 
to groiips; or 



R^ and R^togetfier foim a C5JC30 ^cloaliphalic g 
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C9) polyurcthane structural units conespomiing to structure XI 




XI 

whcrcia R^' and arc indcpciidcnUy Cj.Cio aUcylene, C+.C20 aiylcne. CCjo 
diaiy1ene» C4.C2gdiaraIkylene or C5.C2B cycloaUcyleoe; and 

( polycaxbtmate structural vails conespondiog to structure SOS. 




XU 



whereia and are independently at each occnnence faatosea. C|.Cm aXky], C«. 
Cioexyl C7-C21 aratkyi, or CsJCaocycloaDcyl; 

R*^ and R" arc indepaidcatly hydrogen. Ci.Czo alkyl. CcC^ aryl. C7-CJ, aralkyl or 
Cjo cycloaUcyl, and further R** and R^may together form a Ci-Ca cycloaliphatic ring 
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whicfa may be substituted by one or more Ci.Cu tlkyl, C^CatryU C4.C21 Miilkyl, and 
CvCa cycloaU^ grciups or a combinatioQ thereof; and 

q is an int^ier firocn 0 to 4. 



5 conductive filler (B) comprises at teaxt one member of tbc group consisting oF 
carbon fibnis; 
caibott black; 
cajbofi fibcre; and 
metallic particles. 

10 7. A composiiion acooiding to claim 4 wherein component (A) is 

present in an amount between about SO and about 99.9 percent, conqion^ (B) is 
present in an amount between about 0.1 ond about 20 percent and con^neot (Q is 
present to an amount between about 0.001. and about 10 percent, based on tiie total 
weifibt of the compositioa. 

' 1^ A composition according to claim 7 in which the conductivity 

enhancing agent is selected from die group ccosisting of at least one metal salt of a 
mono-, di-, tn< or tetaraeaibox^ic add. 

9. A composition according to claim 8 in which the metal sail 

comprises at least one cation selected from among the catioos of lithiam. sodium. 
20 potassium* rubidium, cesium, beryllium, magnesinm, calcium, eqjper, stiver, zinc, 
cadmium <*nrf tin. 



6. 



A composition aeconfing to claim 4 in which the dectrically 
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'0. A oonqiositioa according to claim 9 in wfaicb tfac organic polymer 

matrix (A) includes at least one polymer comprising stnictunl units sdected from the 
group c onsi sting or 




wlisnin R^-R^ are independeody hydcogea or metfayk 



I7 Is 



5 wherein R* and R.* ore independently Ca-Cw aIkylene;R' and R' are independently 
hydrogen orine&yl: and 
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wherein is C,-C2o alkylene and R'" is hydrogen or methyl. 

* A conqiositian according to claim 10 further comprising at least 

one impact modifying a^al, said hnpact modifying agent being present in an amount 
between abom 0.1 and tborst 20 weight percent based upon ihc total weight of the 
composttioiL 

1^ A composidoa according to claim II in which conq>oncnt (A) 

con^rises pp]y(2,6-diinetbyl-l,4-i>heaylei]e efber) and nylon 6j6; component (B) 
comprises caibon fibrils; and compcnent (C) conqxises calcium s 



A conqiosition according to claim 1 in ni^iidi (he conductivity 
enhancing ogest (C) is at least one-member of the groop coosistmg of 



wherein is a CkC« aliphatic radical, a CvG« oylcoaUphatic radical, or a C4.C40 
aromadc radical; 

tiaanintegerbavittgavahieof&om 1 to lO, 
u is on integer OT half integer having a value of flrom 1/2 to 5; and 
-35- 
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V is en integn baTing a. value of t-2n. 

A. cocnpositioB according to claim I wherein component (B> is a 
salt of a polymeric acid. 

* ^- A niefhod of makmg an dcclrically conductive polymer composite 

composition conipiistng; 

(A) an organic polymer mathx; 

(B) an electrically conductive filler; and 

« conductiYity enhancing agent selected ftom the group consisting 
of salts of carboxyUc acids, salts of thiocaiboxylic acids, salts of didiiocaiboxylic 
acids, salts of sulfonic acids, salts of sulimic acids, salts of pho^hmiio acids, salts of 
phosphioic wada, and mixnues tiiereof, 

said method comprising mixing cooipanents (A), (B) and (C) under melt processing 
conditions. 

A method according to claim 15 in which component (A) 
courses at least one thennoplastic selected from Ihe group consisting of 
polyphenylene ethers, polyamides, polysttoxanes, polyesters, polyimides, 
polyetherimides, polysulfides, polysulfeocs, po^ethenuIfiiDes. olefin polymets, 
polyurethanes, and polycarbonates. 

A melbod according to chum 15 in which component (A) 
comprises at least one dicnnnset selected from die groiq> consistmg of polycpo^des, 
phenolic resuis, polybismalcimides, oatuial rubber, synthetic rubber, silicone gums, 
and thermosetting polyurethanes. 

A method of making an electEicaUyGondttctivepo^nxiffCQn^ile 



25 (A) an organic prfymer matrix; 
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(B) aa electrically candnctiTe filler; and 

(C) a eondiictivity enbanciag ageoi having sinicture Xm, 

xm 

wherein R?' is a C,.C« aliphatic radical a Cj-C^ cylcoaliphatic radical, or a UC^ 
Bramatic radical, said radicals being optionally substlmted by one or more 
substimeats, said substituents being independently at each occuTTcnce halogen, 
amino, ammonium, Cj.Cw alkylamino, Cj.C4o dialkylamino, C1.C40 
trialkylammDnium, CVC40 arylamino, C*.C4o diarylamino, C1-C40 alkyl, Ci.C« alkoxy, 
Ci-C« aUcylthio. C|.Cio alkylsulfinyl, C|.C« alkylsnlfonyl. C3.C40 cycIoalkyU CC« 
aryl, C+.C40 aryloxy, C*.C« aiyltiao, Ci.C4o arylsulfinyl. C4.C40 aryisulfimyl, 
hydroxysulibnyU hydroxy, merc^co, eyano, 0x0, imlno, amtnoiinhio. faydioxyiiniDO, 
alkoxyiminn, nitre, nitnso. fovmyU carboxyl. caibootylate, . tUcKsnboKyl, 
dithocarboxyU Ci.Cw aDcoxycaibonyl. Ci.C» aQeoxytfaiocazboDyU CjjCw 
alkylthiocaibonyl. or phosphonyl groups; 

c is an X22teger having a value of fiem 0 to about 1 0; 

Q* is independcDtly at each oocunence nructure (a), (b). (c^^ (d), (e), (0, (g) or (h) 
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O Q O 

11-1 \\ 11-1 

(d) 



Cb) 



O 
(g) 
O 

" - 1 



t O 



(c) 



(0 (h) 



wherein M* is selected from the group consisting of monovaient metM cations, 
divalent metal cations , trivalcnt metal cations, ammommn ions, C1.C40 
alkylammoQiuai ions, C1.C40 diaUQdammonium iom, Ci.C«p trialkydaramoimun ions, 
C|.C« tetraaikylammonium ions, Ci.Co teiTaaiy1pbo8ph.oojiu& ions, CuCeo 
trialkylsnlfoaiiiin tons, C^Cw triaiylsulfoniimi ions or C»-Cio aiyl C1.C40 
dialkylsuUbnium ioox and 

> itaaiDtegeraafiwrtiooofanuitegerbaviiigsvahieof l.i&or 1/3; 

said method comprisii^ miaung compocents (A), (B) and (C) under melt ptocessing 
ccmditions. 

i9. A method according to claim L8 m which thd oi^^nic polymer 

Diatdx compzises at least one polymer cnmprising stmctonl unhs celected fiom the 
grot^ consisting □£ 

(0 polyphenylene ether stroeoiral imita eocresponding to structure 1 
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I 




] 



wherein R'-R* are mdependeolly bydrogea, halogen, C|.Cio alkyl. C«.C»BiyI. or 
C29 cycloall^l; 

(2) polyamide s&cuctunil units canrcsponding to stnicture n 




wherein R* and R« are indepoidcaitty C,.C» alkylene. C^-Ca aiylcne, or Cs-Ca, 
cydoalkylene, and 

K7 and R» are independently h/droseo. C|.Cjo alkyl. C*i^» aiyl. Ct-Cm anlky!, or Cs- 
Cio cycloaU^l; and structure m 
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A, 



r9- 



wherein R' is Ci.Cn alVyleoe, C«.C3oacyleoe. or Cs-Cjo cycloalkylene^ and 

R'* is CiAb alkyl, C«.Cjoaiyl. C7JC21 aralkyl, or CsJCao cycloalfcyl; 

P) polysUoxane stcuctuzal units Gomspooding to stcuctuze IV 



O-Si^ 



v^eteiD R" tnd r" era indepeodentty CiiCa alkyU C».C» aUcoiyl. C«JC» aryl. Cj. 
C21 azalikyl, or Cs-Cjocycloalkyl; 
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(4) pQ^rester stntctuial uutts connBspoiiding to structure V 



wherein and R'^ siib mdcpendently C%JC» alkyleae, C4.C20 axyleoe or C5.C20 
^loaUcyleae; and stmetuie V] 



wbcm R" is C1JC30 alkylene. C4.Cioarylene or Cs.30 cycloaOcyleiie; 

(4) polyqMKideslnnzturaltimtsconsponcSiiiga&tractiire^ 
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OCHaCHCHj- - 

. <!>H — 



VU 



wherein R*^ and R*^ are independently at each occurence halogen, C1.C30 ^VtyU Ci. 
C»axyl, C^Cii anOkjd or Cs-CMcycloalkyl; 

R'* and R" are independently hydrogen, C1.C20 aDcyl^ CwCworyl. Cr.Ca exaOcyl or Cj. 
C20 cycloalkyU end further R" and R^' naay together fiann a C4.C20 cydoali^iaUc ring 
which may he sufasthuted by one or more Ci^» aUeyi, C«.C2oaiyI, Cs-Csi aralkyi, and 
Cs-Csocycloalt^l groups or a combination tbszeof, and 



n is an iniqger ibom 0 to 4; 



(5) po^retfasnmide stmctmal units corresponding to structure Vm 
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whereui R'" and are tadcpcndeDUy at each occurrence halogen, C>.Cxi alkyi, C*. 
CaoaiyU Ct-Cjj aralkyl or Cj-Czocycloalkyl; 

R*' is Ca.C» aikylcne, C4.CiDaryIene or CyCm cycloaJkylenc; 

eacb a' and a' is a is a mosocycUc divalent aiyl ladical and Y' is a bridging radical 
5 in wfaich one or two carbon atoms sepHxate A' and A^. and 

m is an integer torn 0 to 3; 

(fi) polyetbezsufooe structural units cotrcsponduig to structure TX 




IX 



whexdn R° and R" are independenfly at each occurence halogen, Ci.Ca alkyl. 
Can axyi. CsX:xi anDcyl or CsjCaocydoalkyl; 
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each a' and is a is a monocyclic dhnlent aryl radical and is a bxidgiDg ladical 
ia which one or two carbon atoms separate A^ and A^; and 

p is an integer from 0 to 3; 

(7) olefin polymer structural units corresponding to stnicturcX 





1 I 






















f 


j28 





X 



wherein R^, R^, r" and r" are independently at each occurrence halogen, cyano. 
carbracyl. C,.Q» alkoxycarhonyl, C,.C» allqfl, C^^t ar^ Cs-Cai aialkyl. Cj-Ca 
cycloaUcylor 




wherdn R» and R.» are C|.Cao aUcyl. Cs-Ca, aiyU d-Cu acoOcyL or CsJCn cydoalkyl 
iO groi^or 

and r" totgc&er fbnn a Ci.C» cydoaliphaiic group; 
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(8) po^ruretiiaiie structural nmta eoncspooduig to structure XI 




wbfiMio r" end are iiKlq>eadentIy Cz-do alkytene, C4.C20 aiylcne. C4.C« 
diatylene, C4.C20 dianilLylene or Cs.C» cydoalkylene; and 



(9) polycarbonate structuial units coiresponding to stiucturc XII 




wherein and aie indcptsntlently at each occuireacs halogen, C1.C20 alkyl, Cg. 
CnmyU Cr-Cu aialkyl, or Cs-OzocydoaOcyl: 

R*^ and r" are independently hsfdctigea, C.Cm alkyi. C^Cho aryU CfX^t aralkyi or Cj. 
CjBcycloalkj^ and fiutber and R^ may togeflMx form a C4.C20 cycloalipbatic ring 
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which may be substituted by one or more C1.C30 aUcyU C6.C2D aty\ C9-C21 aialkyl, and 
C$.C3ocycloal]cy) groups ox « combination tfasreof. and 

q is an integer from 0 to 4. 

20. A melhod accoxding to claim 18 in Ihe electrically 
conductive filler O) cnnprises at least one naembcr of fhe gnnqi consiatins of 

caifaoa fibiils; 

caibon. black; 

caibon fibers; and 

metaUic paitieles. 

21. A method accordisg to elaim IS wfaexein component (A) is present 
in an anaoont between afaovt SO and about 99.9 percent, oomponent (B) is present in 
an amomxt between about 0.1 and about 20 percent and conqwnent (C) is present io an 
amount between about O.OQl and about 10 percent, based on die total wdglbt of the 
composition. 

22. A method acoordmg to dniia 21 m which the condneovity 
eflbancing ^ent is selected fiom the ffoap consisting of ax least one metal salt of a 
mono-, di-. txi- or tetracarbo^ic acid. 

23. A method according to claim 22 in which the nietal sail cogoc^rises 
at least one cadon selected Grom among die cations of litfaium, sodhmi. potassiuin. 
rubidium, cBsinre, berylUum. magnesium, calcium, voppec^ silver, zine, cadmium and 
do. 
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24. A method according to claim 23 in which the orgaaiic polymer 

matrix (A) includes at least one polymer coiiq)rising sinictural units selected fiom the 
group consisting of 




whoein R'-R^ are independently hydrogen or metfayU 




5 



wherein R* end R* arc independently C2-C,o aIkylcnc;R' and R» ore independently 
(grdrogen or methyl; and 
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ni 



wherein is Ci-Cso ollQriaie ficdR'" ia hydrogen or methyl. 

25. A method accordiiig to claim 24 fiixther comprisuig Mt least oac 
uspact cnDdiQring agen^ said impact modtiying agent being present io an amount 
bctwrooi about 0.1 and about 20 viat^t percent based upon the total wetg|it of the 

5 con^osition. 

26. A method according to claim 25 in which component (A) 
c o m p ri jtes poly(2,6^imetfa>'l-l,4-phenyleae ether) and vybm 6,6; oompooent (B) 
cosq)xises carbon fibrils; and componetit (C) comprises caldum steaiate. 

27. A method according to claim 15 in which the conductivity 
10 enhancing agent (Q Is at least <me member ofteBn)iq>cMisisting of 

XIV 

wherein R,^ is a C|.Cio altpbatic radical, a C3.C«a cylcoal^hatic radical, or a C^Ca 
siomatiG radical; 

t is an integer having a valtte of fimm 1 to 10; 
u is an integer or half integer having a value of fiom 1/3 to 5; and 
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V is an inleger baviog a value of (•2a 

A method accoidiag to dabn 15 wherein con^raneot (B) is a salt of 

a polymeric acid. 

29. A method of enhancing the electcical conductivity of an electrically 
5 conductive pcdymer composite conqrasitiaa oonqntsing: 

(A) an organic polymer matrix; 

(B> on electrically conductive fUler, 

said method comprising combining conqwoeots (A) and (B) under melt processing 
cooditions witfi a conductivity enhancing agent (C) selected &om the group consisting 
10 of salts of caiboxylic acids, salts of thiocaihoiJ^Uc adds, salts of ditfaiocazhoxylic 
acids, salts of sulfonic acids, salts of sulfimc aeida» salts of phas|dioaic adds, salts of 
phosphinic acids, and mixtures thereof. 

30. A method according to claim 29 in which component (A) 
comprises at least one thennoplastic selected £rom die group coosi sling of 

15 polyphcoylene ethers, polyamides, polysiloxanes, polyesters, polyimides, 
polyethedmides, polysulfides. polysulibnes, polyetfacisulibces, olefin polymers, 
polyurelhanes, and polycarbonates. ' 

31- A method acconfing to claim 29 in which component (A) 

comprises at least one thennoset selected from the group consisting of polyepoxides, 
20 phenolic lesins. polybismideimides, namral rubber, synthetic rubber, silicone gums, 
and thenoMetting polynrcthaoes. 

32. A method of enhancing flte electrical conductivity of an dcetrically 



(A) an organic polymer mami^ and 

(B) an electrically conductive GHer, 
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said method coc^nisuig combining components (A) and (B) under melt processing 
conditions wiih a conductivity enbancing agent (Q having sirueture XED, 



xm 

wherein R^' is a Ci.C<o aliphatic radical, a Cj.Cto cylcoaliphatic radical, or a C4.C40 
aromatic radical, said radicals being optionally substituted by one or more 

5 substitusnls, said subsb'tuents being independently at each oocuneaee halogen* 
amino, ammomum. C1.C40 alkylamino, Ci.C«o dialkylamiuo, C1.C40 
triaDcylaanionium, C4.CW azylaQino. C4JC41} diaiylamino, C1.C40 alkyl, C|.Cio alkoxy. 
C|.C4a aDcyliliio. Ci.Ca aUcylsuifinyl. C|.Cao alkylsulfbayi C3.C4C cycloatlcy], C«.C«o 
ary), Cf-Cw aiyloxy, C1JC40 aiyhfaio, C4JC«o acylnilfinyl. Ci.Chi aiylsulfbnyl. 

10 hydioxysulfocyl, hydroxy, mctcapto, cyano. 0x0, imino, aminoinuoD, l^roxyimino, 
alkoxyiixdoD, nim» nitxoso^ fotmyl, cacboxyl. caiboxylate, tfaiocaiboxyl. 
difliocarboxyU CuCo aIkox>'carbonyl, C|.C« alkcnythiocarbonyl, CAo 
aBcyllhtocaibonyU or phosphcmyl groups; 

r u an integer having a value of fropi 0 to about lOr, 

5 Q' is independently at each occuixence atiuctujc (a), (b), (c). (d). (c). (i), (g) or (h) . 
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(h) 



wherein is selected fiom the group consisting of monovaleot metal catiuns, 
divalenl metal cations , oivalent metal cations, ammoaiiim ions. Ci^m 
alkylaixnnoniiun tons, C1.C40 dialkylaaunonium ions. C1.C40 triaU^laimnoiuiim ions, 
C|.C«3 tBtraaU^ammoniiun ions, C4.C40 tetnaiy^os^iooium ions. Ci.Cid 
irtalkyisulfbnium ioiu. CXCw tetacytsuUboium tons or C^jCm aryl CiX:^ 
dialkylsulfbnittQi ions^ 



8 isanisteEern-a&actioaofBniDtcgerfaaTingavahteof l,V&or]/3. 

33. A method acconfing to claun 32 in which the organic polymer 

matrix composes ai least one polymer comprising structoral units selected from flte 
10 ffxtap consisting 



(1) polyphenyletie ether stnietural units coinsqKmdiag to stnictuze I 
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wbenin R-R ore independenity bydrogea, faologeo^ C|.Cn ofkyU aryl or C4. 
Cu cycloalkyl; 

(2) polyastide stxuccuxal units conespoodiiig to structure n 



IN IN 



wherein R* and R* are independenUy Ci.Qo allcylene, Q-Cjo aiylene^ or C^-Cw 
cydoalkylene. and 

r' and r' ore independently hydrogen. C|JC» alkyl, CVCwaryl. CyJOit anUkyl, or Cj. 
CaocycloaU^'U azid structure m 
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Rio 



whereio R' is C1.C20 allcyle&e, Ci.CvaxyleBe. or CsCso cycIoa]kyfei3e» and 

R'° la CCn alkyU CtXho acyU C%Cii anDcyt or C5.C30 cydoalky]; 

(3) poIysiloxanB structural units correspanding to stnictiiie tV 



-O— Si- 



IV 



wherein R." and R'^ are independentiy Ci.Cao alkyl, Cj,Cio olkeqyl, C«.C» aryl, C7. 
C21 aialkyl. or C».CM^loa]kyl; 
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(4) 



polyester Structural imits coxrespoiulmg to snucture V 



wherein R" and R'* are independently C1.C30 alkylene, C4.C20 azyteae or Cs.C2o 
cycloalkylene; uod stxncture VI 



C 



wbeiein is C|.Cw aU^iene, C^Cuazylene or Cs.3t cycIoalkyleDe; 
i (3) polyepoi7ddeEtriietiualttnitBconeq)Oiuimgtostriictuxc Vn 
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vn 



OCH29HCH2- 



OH 



wherein R" tad R" are uidcpcndwitly at each occuircnce halogen, C1.C30 aUcyl, Ck. 
do aryl, C^Cai anllcyl or Qs-Cveycloallcyl: 

R'* and R*'d« indcpcadenlly h>'drogcn. C,.Cm alkyl. Cs.CaoaiyI. C7.C2, arallcyl or C,. 
Cao cydoalkyl, and fiathcr R" and R" may together fonn a CU-Cwcycloaliphatic ring 
which may be substitntcd by one or more Ci.Cw alkyl, Cs-CvtvyU C^jCu aiall^l, and 
C5-C20 cycloalkyl groups or a combinatioa thereof, and 



nisan 



fiomOto4; 



(6) 



poiyBt h f rimi dc stzuctural units cozresponding to striKturo VEI 
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vm 



whcrem R* and arc independemiy at «ach occmxence halogen, Ci-Czp alkyl, C*. 
C» aiyl. C>Ca I aralkyl or Cj-Cjo cycloalkyl; 

R^* is C2,C» alkylenc C^Q»arylem5 or Cs-Cjo cjcloalkylene; 

each a' and is a is ft monocyclic divalent aiyl radical and Y' is a bridgijig radical 
in wWch one or two carbon atoms separate A' and A^; and 

m is an integer from 0 to 3 ; 

CO polyc&cnufooe stnictuial units corresponding to structure IX 




rx 

wherein R** and R** arc tndependeiiily at each occurrence halogeo, C|.C» alkyl, Ct 
C»aryl. Cs-Cii araOkyl arQs£2DcycloB0cyl; 
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each a' and A' is a is a monbbycUc divalent aryl radical and is a bridging ladical 
in which one or two carbon atoms separate and A*; Emd 

p is an integer finora 0 (o 3; 

(8) otefia polymer stnictiual units cocresponding to structure X 



325 



^26 



r2« 



5 wherein R", R«, and ore independcnily at each occuiicnce halogen, cyano. 
carboxyU C,.Ca, aUcoxycarbonyl. C,.C» aDcyi, Q.Cjo atyl. Cs-Cj, aialkyU CsJC„ 
eycIoaOcylor 



■ VI 



groups. 



wherein R» and R» are C,X^ aUcyl. Qi-Caiaryl. CCj, araDcyl or CsJC„ cycloalkyl 
10 snnips;or 



and R^tDgBthcr fimn a CV-CaocydoaUphatic poop; 
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polynreOuoe stractaial units corre^adizig to stnictnie XI 



XI 



wherein R and R» are independeotly C^Cm alVylcne. C,.C,o aiyleae. C4.C20 
diaiy Icnc» C4.C20 dSaralkylene cr C*.Cao cycloalkyleao; and 




wherein r" and R« are independently at each occunence halogen, CCw all^l. Cs- 
Can afyl, C»Cj, aialkyl, or Cj-do cydoalkyi; 

and R« are indapendentiy hydrogen. C,.Ca, alkyl. C^C«, aryl, Ct-Q, andkyi or Cj. 
C20 cyclOBlkyi. and further R^ and r" may together form a C4.C30 cycloaJiphitic ring 
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which may be substituted by one or more Ci-Cm aDcyl, C6.C2D BxyU C5.C11 aralkyl. and 
C3.C20 cycloalkyl grocps or a combmatiaii ffaereo^ aid 

q is an integer from 0 to 4. 

34. A method Bocording to claim 32 in which the electrically 
conductive filler CB) couipiia es at least one mcndxr of the gimp consisting of 

carbon tibiil^ 

caiboo blade 

caibon libers; and 

metallic panicles. 

35. A method according to claim 32 wlwrein oompcment (A) is ^escat 
in an amount between about 50 and about 99S percent, coroponent (B) is present in 
an amomit between about 0.1 and about 20 percent and component (C) is present in an 
amount between about 0.001 and about 10 penxnl, based on the total weight of the 



36. A method according to elsim 35 in whidi the condnctivi^ 
enhancing agent is selected bam group ooosisting of at least one metal salt of a 
mono-, <&-, tri- or tetracaifaoxylie acid. 

37. A method according to claim 36 in whidi d» metal salt campriscK 
at least one cation selected fiom among the cations of lithium, sodium, potassium, 
lubidimn, cesium, beiyQzum, magneshim, calcimn, copper, silver, zinc, ""^n i'Tm and 
tin. 
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38- A method according to claim 37 in which the organic polymer 

matrix (A) iochidea at least one polymer coiqprising stmctarHl uniis selected from the 
gnxip consistins of 




wherdo El*-K* are izxlepende&tty hydrc>sen or tOBtbyl; 



5 wherein and R* are 
hydrageo or mdfayl; aod 



independently C3-C10 aIkyJene;R' and R* are independenUy 
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irfjerdn R* is Ci^» alkyleoe and R'* is hydrogen or mc!byl. 

39- A method aeeordiiig to claim 38 further comprising at least one 

impact modifying agent, said impact modiiyiiig agent being present in an amoom 
between about 0.1 and about 20 weight percent based upon the total weight of the 
cosiposition. 

40. A method aceocduig to churn 39 in which compons&t (A) 

comprises poly(2,6-<iimcfliy|.l.4-phenylene ether) and nylon 6,6; component (B) 
oompriseacaibcm Obrils; and component (Q comprises calcnmi steara 

^ meOua accoiding to chum 29 in which the conductiyiQf 
enhaaranSHgent (Q is at least one memberof the group consisting of 

XIV 

wherein R» U a C^C^o aliphatie radical, a C^C« cylcosUpbatic ndical. or a C^-Cw 
axomatfc radical; 

tisaninteBerhavingavahieoffimn 1 to 10; 
u is an hitegeror half integer having a vabe of ftom 1^2 to 5; and 
-«5- 
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V is an integer having a value of t-2u. 

'^^ AmetfaodiwcoiiliiQtnelaim29viieietncomponBDt(B)isasaltof 
a polymecic acid. 

^3. An electrically eondactive polymer composite composition 

compcising: 

(A) an Qisaaie polymer matrix comprisins poly^fr-dimefliyl-l,4> 
{dbifiiQrlene elhcr) ta an amaimt equivaleni to about 35 to about 65 vniffiit percent, 
n^rton 6^ In an amount eqaiVBlent to about 65 to about 35 weigbt percent, and an 
impact modifier in an amount equivalent to about 5 to about 15 weight percent; 

(B) an electrically conductive filler comprising carbon fibrils in on 
amount equivalent to from Bbout 0.1 to about 2.0 weight percent; aud 

(Q) a conductivity enhancing agent oon^rising calcium steaiate ia an 

amount equivalent to about 0.1 and about 2.0 weight percent; 

wherein weig^ percent refers to the weight percent of tfie component relative to the 
total weight of the composition. 

A molded anido prepared ftom ibe conqiosition of claim 43. 

^3. A method of preparing aa electrically conductive polymer 

conaposite composition comprising: 

(A) an organic polymer matrix comprismg poly(2,6-dimetfayl-l,4- 

pbenyiene ether) in an .amount equivaleat to about 35 to about 65 weight peicejit, 
i^lon 6,6 in an amount eqpdvalent to aboat 65 to about 35 weig^ pocent, an iinpacC 
modifier in an amount equivalent to about 5 to about IS wdght peicem; 

OB) an electrically conductive filler comprising caibon fibrils in an 

amount equivalent to about O.l to about 2.0 weight percent; and 
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20 



25 



(O a conductivity enhancing agait comprising c^'lcf'^m 

amount equivatoit to about 0.1 and about 2.0 wei^ percent; 

wfaoein wdgbt peicenl refers to the weight percent of constituent relative to the total 
weight of the compositioo: 

said mctiiod cornim'smg combining con^nents (A), (B) and (C) under mdt 
processing conditions. 

A mslbod occozding to claim 45 wherein the poly(2,6Klimethyl- 
t,4^ihenylene)elher and impact modifier are first melt mixed under melt processing 
conditions at a tempexature in a range between about 270 and 320^, and thereafter 
nylon 6,6 carbon fibrils and calcium steaiate are added lo (be mbttuie of poIy(2.6- 
dimetbyl-l,4^hen3dcne)cther and impact modifier, and the whole is subjected to 
fbrther melt processing. 

A meUiod of enhancing die electrical condueiivtty of an electrically 
condnctiye polymer composite composition cmnpriang: 

(A) an organic polymer matrix oompcisins poly(2.6-dimetfayI-1.4- 

phenytene etbec) in an'amount equivalent to abont 35 to about 65 weight percent, 
nylon 6,6 in an amount equivident lo about 63 to about 33 weight peroeni, an impact 
modifier in an amount equivalent to about 5 to about 15 wct^ percent; and 

O) BQ electrically conductive iilla conqiristng caibon fibiils in an 

amount eqntvalenl to fiom about 0. 1 to about 2.Q weight peicenl; 

wherein wci^i percent refers to the weight percent of constituent relative to tbe total 
weight of the composition; 

said method comprising combining components (A) and (B) with a conductivity 
enhancing a^t compiising calcium stcaratc in an amount equivalent to about 0. 1 to 
about 2.0 veigbt percent caldum stearaie based upon the total weight of the 
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